Introduction
Materials exhibiting Rashba spin-orbit coupling (SOC) have triggered an immense research activity that led to the opening of a new field in spintronics, the so-called spin-orbitronics. 4, 5 As for any other material in the past, their successful technological application depends on two factors: a fundamental understanding of the emerging phenomena, and the capability to engineer their key properties.
Exposing electrons with strong SOC to superlattice potentials is a very attractive approach for these two purposes. Indeed, different methods have been proposed for manipulating Rashba electrons by the interaction with one-dimensional (1D) periodic potentials. For instance, Rashba superlattices can induce standing spin waves 6 that alter the electric field induced spin accumulation only along the nanostructured periodic direction. 7 This characteristic spin texture can be further manipulated by using terahertz radiation. 8 The plasmonic response to such superlattices allows for a similar anisotropic tunability. 9 Recently, the use of periodic potentials has been proposed as scaffold to engineer the topology of Rashba superconductors aiming at the generation of Majorana Fermions. 10 The fundamental study of Rashba electron's scattering can be unravelled when using 1D selfassembled superlattices. In conventional metal 2, 11 and semiconductor 12, 13 surfaces, such step arrays have been successfully employed as coupled resonator systems capable of tuning the overall electron confinement, 3, 14 as well as for finding the coupling between the electronic and elastic energies of these nanostructures. 15, 16 Adding the characteristic Rashba-type spin-momentum locking to surface electrons, the emergence of new scattering mechanisms can be expected, which in the presence of 1D periodic structures could give rise to exotic band renormalization, in a similar way to the one observed for pseudospin-momentum locked electrons in graphene. 17 However, the only Rashba superlattice studied to date consisted on the Shockley surface state on a stepped Au(111) surface, where the spin texture and polarization remains practically unaltered by the weak SOC. 18 More intriguing phenomena has been observed in individual step resonators fabricated on the basis of the BiAg2 surface alloy grown on Ag(111). 19 In such system, the SOC is among the largest reported and its complex spin-orbital texture combined with the chemical heterogeneity has been shown to give rise to strongly anisotropic spin-flip scattering mechanisms. 20 However, the effect of a periodic potential on the Rashba electron gas of BiAg2 or any other strong SOC system is still unexplored, since the realization of atomically precise step arrays in such materials remains a challenge.
Here we demonstrate that the fabrication of atomically-sharp BiAg2 step superlattices with variable periodicity is feasible. Depositing 1/3 ML of Bi on curved vicinal Ag(111) surfaces, we obtain BiAg2 surface alloys that replicate the step array of the vicinal template. The different step morphologies can be experimentally accessed by selecting the azimuthal angle that defines the orientation of the cylindrical section of the curved crystal, and hence the step direction and atomic structure (see Fig.   1a ). Following scanning tunneling microscopy (STM) imaging and low energy electron diffraction (LEED), we find particularly stable, straight step superlattice spaced with atomic precision at specific azimuthal directions, revealing the stabilizing role of the basic surface alloy structure.
Moreover, two local planes along the cylinder match integer number of the BiAg2 alloy unit cell, which result on unimodal, atomically sharp superlattices with unprecedented qualities. We investigate the Rashba bands on such "magic" planes via angle resolved photoemission (ARPES) 11, 15, 16, 21 . We observe coherent scattering of helical Rashba states from the step arrays, which result in step-density-dependent Rashba band shifts and variable SOC-splitting with respect to the extended BiAg2(111) plane.
Results
Room temperature deposition of 0.33 monolayers (ML) Bi followed by a mild post-annealing (550 K) on the curved Ag(111) surface featuring close-packed steps [c-Ag(111)cp sample], leads to perfect
BiAg2 surface stoichiometry at all vicinal planes, but does not result in the desired structural ordering of the step lattice, as shown in Fig. 1b -c (see Fig. S1 for a complete set of STM pictures). On the terraces one can resolve the characteristic (√3×√3)R30 atomic structure of the Bi sub-lattice, but steps reconstruct in a 120 zigzagged geometry (cf. Fig. 1b) , that is, forming alternate segments of fully kinked steps along and [-2-11]. As schematically overlaid using the atomic model of Fig.   1c , the zigzag roughening points to the presence of Bi-terminated step edges, 16 which, for the BiAg2 stoichiometry, is only possible at fully kinked steps. Such Bi "segregation" at steps is analog to the 2D surfactant effect observed during Ag growth on Bi/Ag(111), 22 which is explained by the lower image presents two characteristic straight lines that converge at the (111) plane, as expected for a linear variation of the step density 1/d, being d=h/sinα the step spacing or terrace size. 16 Notably, for the BiAg2 alloyed surface the crossed lines appear replicated, supporting that the step array structural perfection is generally preserved. Moreover, at the local plane (miscut) angles of α10 and α15, that is, in the vicinity of the (11 7 9) and (423) planes, the step-related periodicity and the reconstruction pattern nest. In this way, the LEED spots exhibit defined sharp rectangular and oblique patterns, defining two vicinal "magic" arrangements, as schematically shown in Fig. 1a The radical step array transformation into defined bunches or a0 "quanta" is again forced by the Bi termination of step edges in a perfect BiAg2 stoichiometry. The phenomenon, which is analogous to the one observed in vicinal Si(111) surfaces, where the 7×7 reconstruction pattern is the driving force of terrace quantization and sharp termination of step-edges 26, 27 , takes place at all α angles. In Fig. 2d- e we show in a color scale the respective P(d) functions across the clean and the BiAg2-covered cAg(111)fk surface. At the clean sample (Fig. 2d) , one can readily observe the characteristic α-dependence of the P(d) probability function of vicinal metal surfaces, 16, 25 that is, the smooth transition from asymmetric-and-broad P(d) at small α angles, to symmetric-and-sharp P(d) at larger α. Upon BiAg2 alloy formation ( and d=0.93 nm (α~15). These particular local planes correspond to "magic" angles with atomically sharp step lattices, stabilized by the surface alloy structure.
In Fig. 3 Since the size dispersion  in the clean Ag vicinal substrate is determined by the step-step repulsion, 23, 24 our quantitative analysis for the alloyed surface "magic" angle planes suggests a dominating substrate-step interaction. Such atomically-sharp (single a0 quantum) BiAg2 step grids can be achieved below a critical d < a0/ 1.4 nm step spacing, as is shown in Fig. 2e . with multiple a0 terrace-quanta (cf. Fig. 2e ), such that no coherent scattering by the step lattice should be expected 1 . Coherent step lattice scattering emerges at the sharp BiAg2 (11 7 9 S3 ). This renders a barrier strength of V0×b= 10 eV.Å (V0, barrier height, b, barrier width) that is much higher than step barriers found in bare vicinal Ag(111) surfaces with fully kinked steps (see Fig. S2 ). 16 In summary, we have shown that by using the curved crystal approach we can tune the growth of a BiAg2 monolayer alloy featuring sharp, Bi-terminated step of varied density. Moreover, we can achieve arrays exhibiting "magic" monoatomic step periodicities whenever integer numbers of the BiAg2 unit cell can be fit within small average terrace sizes (below <d> ~1.4 nm or α > 9).
Furthermore, ARPES experiments allows us to unveil coherent scattering in the spin-textured helical Rashba states, characterized by step-density-dependent energy shifts and SOC-splitting.
Methods
The curved crystal surface of Ag were prepared by repeated cycles of sputtering, with Ar + at an energy of 1 KeV and incident angle of 45° in the direction parallel to steps, and mild annealing to 700 K for 15 min at a maximum pressure of 5×10 LEED measurements were conducted at 300 K, using a standard 3-grid optics system (Omicron).
Specific points on the c-Ag(111)fk curved sample were addressed with the minimum 300µm spot size, which spreads over α0.35° arc on the curved surface. Such spreading of the electron beam explains the spot-splitting broadening observed in LEED images from the bare c-Ag(111)fk (see Fig.   2a ).
STM imaging was carried out using a variable temperature setup (Omicron) operating at 300 K. The tunneling current was set to 0.1 nA, and the sample bias either to -1.0 V or +1.1 V. To elaborate the probability P(d) histograms, STM images were acquired at the selected surface areas exhibiting homogeneous step arrays in the µm scale. Topography data were analyzed using a home- The spot size on the sample was 50×15 µm 2 , with the wider axis aligned parallel to the steps. The 15 µm length perpendicular to the step direction defined a negligible 0.02° spread along the curve of the crystal, that is, a sharp sensitivity to the local crystallographic orientation. The ARPES experiments were carried out at low temperature (100 K) and the angle and energy resolutions were set to 0.05° and 10 meV, respectively.
Supplementary Information
Atomically precise step grids for the engineering of helical states . Fermi surface measured as a function of the vicinal angle αfk on the BiAg2-covered cAg(111)fk sample, shown in a gray scale that is proportional to the photoemission intensity. The wave vector scale refers to the electron momentum with respect to the local surface plane, with kx and ky perpendicular and parallel to the kinked step direction, respectively. The photon energy is set to 21 eV. Lines are guide to the eyes, and refer to the average clockwise (red) and counterclockwise (blue) spin rotations on the surface plane.
